Introduction
The Anatolian-Aegean region is located in the zone of convergence between the Africa, Arabia, and Eurasia plates (McKenzie, 1972) (Figure 1) . Essentially, the AnatolianAegean region has come into existence by the accretion of (semi-)rigid blocks to the southern margin of the Eurasian plate and it has undergone intense deformation. Presently, Anatolia moves westwards with respect to stable Eurasia (Ketin, 1948) , from the Arabia collision zone in eastern Turkey and the Zagros region towards the Hellenic subduction zone to the southwest. Some of the regional plate boundaries are well defined: the North Anatolian Fault (NAF) accommodates the motion of Anatolia relative to Eurasia, and the East Anatolian Fault (EAF) accommodates the motion relative to Arabia (McKenzie, 1976; McClusky et al., 2000) . The plate boundary along the Hellenic arc is well defined in western Greece, south of the Peloponnese and Crete (Taymaz et al., 1990; Baker et al., 1997; Shaw and Jackson, 2010) . Özbakır et al. (2013) recently proposed that the Pliny and Strabo trenches in the eastern part of the Hellenic arc represent the surface expression of a STEP type of plate boundary (Govers and Wortel, 2005) , as such referred to as a STEP fault (Baes et al., 2011) , which is the boundary zone between the nonsubducted African lithosphere and the Aegean lithosphere that overrides the subducted Aegean slab. Continual tear faulting of the African lithosphere at the active STEP separates the subducting lithosphere from the lithosphere at the surface. It was shown that the surface geology documents both strike-slip and convergent tectonics in accordance with a Tchalenko (1970) sinistral shear zone model. The Africa-Aegean velocity component perpendicular to the Pliny-Strabo shear zone was proposed to be accommodated by the Rhodes fold and thrust belt: the outboard part of the Rhodes Basin consists of a broad NE-SW trending strike-slip zone with predominant compression inferred from kilometer scale thrust relief ) and superficial extension (Ten Veen et al., 2004) . Although the Pliny-Strabo trenches thus have a small component of convergence on them, most of the relative motion since the Pliocene has been strike-slip (Reilinger et al., 2006; Vernant et al., 2014) .
Farther to the east, between Rhodes and Cyprus, the plate boundary is obscure. The broad geographical distribution of earthquakes, lack of deep earthquakes, and discontinuous arc volcanism belonging to the subducting African lithosphere (Figure 1 ) contribute to this uncertainty. In addition, the large separation of GPS stations at opposite sides of the possible plate boundary zone precludes the delineation of this boundary ( Figure  2A ). In short, the location and nature of the plate boundary between Rhodes and Cyprus is unknown. This is the main topic of this paper.
Earthquake epicenters between the longitudes of Rhodes and Cyprus are distributed along bathymetrical highs, basins, and faults, both offshore and onshore, which present potential features to be associated with a plate boundary (red lines in Figure 1 ). These features are the Burdur-Fethiye fault zone (BFFZ), Aksu Thrust (AT), Rhodes basin (RB), Anaximander Mountains (AM), and Florence Rise, which define the margins of a complex tectonic zone known as the Isparta Angle (IA) (Figure 1 ).
The BFFZ constitutes the western limb of the Isparta Angle and it was interpreted as a left-lateral strike-slip fault zone by Price and Scott (1994) , Eyidoğan and Barka (1996) , and, more recently, Hall et al. (2014) . Alternatively, the BFFZ is interpreted as a normal fault zone (Koçyiğit, 2000; Alçiçek et al., 2006 ) without significant strike-slip motion (Kaymakçı et al., 2014) . Earthquake focal mechanisms do indeed not support a strike-slip interpretation (Taymaz and Price, 1992) , but this may still agree with a STEP fault: relative motions further away from the active STEP can be zero -this is an aspect that is particular to this type of plate boundary and distinguishes it from a transform fault (Govers and Wortel, 2005) . Barka and Reilinger (1997) considered the BFFZ as the on-land extension of the Pliny-Strabo trenches on the basis of the coherence of earthquake slip and GPS-derived velocity vectors. Hall et al. (2009 Hall et al. ( , 2014 interpreted offshore seismic reflection data in combination with on-land geology as supporting the connection of the Pliny-Strabo trenches to the BFFZ. Basin and fault analyses near the fault zone indicate that the sinistral motion of the Pliny-Strabo trenches penetrates the southwestern tip of the BFFZ (Alçiçek et al., 2006) . The eastern boundary of the Isparta Angle is defined by the Sultan Dağ Thrust (Boray et al., 1985) , but the majority of seismic activity is under the Aksu Thrust. Zitter et al. (2003) inferred the continuity of the western limb of the Cyprus arc with the Isparta Angle from imaging similar fault types and trends. The first possible plate boundary thus follows the northern perimeter of the Isparta Angle (Figure 1 ).
Another possible location for the plate boundary follows from considering the region south of the Turkish mainland, where bathymetric trends and faults of the Pliny trench have strikes similar to that of the Turkish continental slope (ten Veen et al., 2004) . Furthermore, the post-Miocene deformation age of the Pliny trench also correlates well with the Finike basin, which is located between the Anaximander Mountains and the Turkish continental slope (ten Veen et al., 2004) . This led ten Veen et al. (2004) to propose that the Pliny trench connects with Hessami et al., 2006; Kotzev et al., 2006; Masson et al., 2006; Reilinger et al., 2006; Hollenstein et al., 2008; Aktuğ et al., 2009; Alchalbi et al., 2010; Floyd et al., 2010) . b) "Observed" horizontal stress directions. Bars indicate the direction of maximum compression. Thin bars are taken from the World Stress Map project . Color indicates the stress regime: dark blue for thrusting, light blue for oblique thrusting, green for strike-slip, orange for oblique tension, and red for tension. Wide bars represent spatial averages of the maximum horizontal stress axis, computed with the method of Mardia (1972) . the faults to the north of the Anaximander Mountains. Consistent with this interpretation, Ocakoğlu (2012) found evidence in swath bathymetry and seismic data that the BFFZ and the Pliny-Strabo "trench" system represent different fault systems. Ten Veen et al. (2004) interpreted the Anaximander Mountains as a broad sinistral shear zone. The Florence Rise is the broad bathymetrical high to the southeast of the Anaximander Mountains and it separates the Antalya Basin from the region of convergence to the south and southwest (Woodside et al., 2002) . Shallow marine seismics show NW-SE trending thrust faults with similar vergences in the region between the Anaximander Mountains and the Florence Rise. This suggests that the present-day plate boundary between Rhodes and Cyprus is located offshore, to the south of Anatolia (Wdowinski et al., 2006) . P-wave tomography under the Isparta Angle region outlines the subducted African plate and the Anatolian lithosphere (Biryol et al., 2011) . However, tomographic resolution is insufficient at shallow levels to identify which of the two above alternatives is the plate boundary: near the surface, the boundary zone closely follows the trend of the Strabo "trench", Anaximander Mountains, and Florence Rise. The boundary of the "Western Cyprus Slab" seismic velocity anomaly roughly corresponds to near-surface features such as the Antalya Bay, Aksu Thrust, BFFZ, and Pliny trench (figures 9 and 10 in Biryol et al., 2011) , which may also be the plate boundary.
Thus, for the Rhodes-Cyprus segment two possible plate boundaries can be hypothesized (Figure 1 ): one follows the Aksu Thrust and the BFFZ, forming the outer Isparta Angle, and the other follows the Anaximander Mountains and Antalya Bay. Hereafter, we refer to the boundary along the outer Isparta Angle as NORTH and to the one following the Anaximander Mountains as SOUTH. Our aim is to constrain the location and nature of the plate boundary that is shown with thick red lines in Figure 1 , and to evaluate for how long approximately this plate boundary has been active.
The two plate boundary configurations have a common segment from the south of Cyprus towards the east. Here, the Eratosthenes Seamount (ESM), a continental fragment on the African plate, is in the process of colliding with the Cyprus arc (Ben-Avraham et al., 1988; Robertson, 1998; Mascle et al., 2000) . The degree of coupling between the African plate and Anatolia along the ESM plate boundary segment, however, is not known.
The easternmost segment of the Cyprus arc is composed of a linked fault-and-thrust belt with intervening basins extending to the Levant coast: the Troodos Larnaka culmination in the south and the Kyrenia belt to the north, with the intervening Latakia basin constituting the foreland of the Tauride system . The transition from the Eratosthenes collision zone to a transtensional regime in the Latakia-Larnaka segment was inferred from shallow seismic reflection studies (Vidal et al., 2000) . Although the location of this part of the plate boundary between Africa and Anatolia is well constrained, its nature is not.
Our approach is based on the understanding that forces exerted at plate boundaries shape the stress field and, in combination with the rheology, the deformation of the lithosphere (e.g., Warners-Ruckstuhl et al., 2012 , 2013 with the plate boundaries' location naturally giving the distribution of the forces involved, the plate boundaries' nature determines their direction and magnitude. We therefore step back and consider Anatolia to be part of a deformation zone with finite discontinuities (plate boundaries and faults) and a north-south extent of hundreds of kilometers. We use mechanical models with either the NORTH or the SOUTH plate boundary geometry to predict the velocity field in Anatolia for comparison with available GPS velocity data. Active faults within Anatolia have been mapped based on their morphological and seismic expressions (Bozkurt, 2001; Emre et al., 2013 ). Significant fault slip is possible only on the major fault zones. We therefore will evaluate the improvement in the model compatibility with the GPSderived velocities when we incorporate these major faults (or shear zones).
The first part of this study deals with the present day and the aim is to determine the preferred southern plate boundary configuration for the present. In the second part we use indicators for the long-term deformation (slip-rates on major faults over many seismic cycles and paleomagnetic rotations) to study the stability of this plate boundary in recent geological time.
Modeling approach
For modeling the Anatolian-Aegean deformation two endmembers for the rheology can be assumed. One considers a strong continental lithosphere and assumes the motion of crustal/lithospheric blocks to be coupled through narrow shear zones (e.g., Nyst and Thatcher, 2004; Reilinger et al., 2006; Floyd et al., 2010) . The other considers the continental lithosphere to be weak and models it as a thin viscous sheet (e.g., Cianetti et al., 2001; Jimenez-Munt et al., 2003; Özeren and Holt, 2010) or an elastic-plastic crust with a viscous mantle (Fischer, 2006) . The former method is known as the block modeling approach, whereas the latter is collectively known as the continuum approach.
Block models are based on rigid crustal blocks that are fully enclosed by faults. They have been successful in describing the surface velocity field with high accuracy and enable calculation of slip-rates on active block bounding faults. However, neither the assumption of an undeforming block nor that of complete closure of the bounding faults appears to be realistic. In most regions that are studied using block models, some parts of the block boundaries are not expressed in the geology, meaning that they have little meaning on time scales of multiple earthquake cycles.
Continuum models are based on the assumption that crustal/lithospheric regions between faults are mechanically weaker than the faults themselves, e.g., thin viscous sheet models (England and McKenzie, 1982) . Continuum models relate driving forces (e.g., ridge push, slab pull, gravitational body forces, trench suction) to deformation by varying rheology (Thatcher, 2009) . Offsets along plate boundaries and major faults in Anatolia show a significant fraction of the faults and shear zones are as weak as, or weaker than, the rocks separating them. We therefore think that continuum models are not geologically realistic. Loveless and Meade (2011) presented an elegant methodology that seeks to combine the two perspectives/ approaches. They inverted GPS observations to find slip on (predefined) block boundaries and block deformation. Our approach is similar in that we combine the strengths of both modeling approaches. It is different because we do not work with blocks that are fully enclosed by faults because geological observations do not support the existence of these in Anatolia. We only incorporate finite length faults that have been observed from the geology and active tectonics. We solve for stresses and deformation and try to find the minimum number of geologically inferred faults that is required by a given GPS dataset. We use an elastic rheology to capture the continuum deformation, which is consistent with the time scale of a few or more earthquake cycles (henceforth referred to as the geodetic time scale). Implicit in this approach is that deformation associated with small faults is represented by the continuum deformation. Similar to what is observed, e.g., near the eastern end of the Altyn Tagh fault in the Tibetan plateau, distributed deformation is expected here particularly.
Observations

GPS-derived velocity field
GPS-derived velocities are the main observational constraint in this study, primarily because of their (very high) accuracy and therefore their sensitivity to the location and nature of the plate boundary. Horizontal velocities have an accuracy of around 1 mm/year on average on a benchmark network with good coverage of the model domain.
In addition to the data from Reilinger et al. (2006) , we use available GPS-derived velocity data for western Anatolia (Aktuğ et al., 2009 ), northwestern Arabia (Alchalbi et al., 2010 , the western Hellenic Arc (Hollenstein et al., 2008) , Greece (Floyd et al., 2010) , northern Iran (Masson et al., 2006) , Zagros (Hessami et al., 2006) , and Macedonia and western Bulgaria Kotzev et al., 2006 ) (see Figure 2a) for comparison with the modeled velocity. Reilinger et al. (2006) Hence, we consider our combined dataset to be unaffected by coseismic and postseismic motions. The GPS velocities likely do reflect the impact of long-term locking of faults.
All velocities are specified in an ITRF2000 Eurasiafixed reference frame. We did not correct the published velocities for relative network rotations. Discrepancies due to different network representations are a few millimeters per year in overlapping stations in the datasets, all of which are within the error ellipses. We removed data with larger standard deviations from the database for overlapping stations.
World Stress Map data
World Stress Map (WSM) data provide the direction of the largest horizontal compressive principal stress axis and the stress regime (Figure 2b ). Data from various sources and quality are compiled in the WSM. In our domain, 90% of the data were derived from focal mechanism solutions. On average, these are of C-grade quality, corresponding to a 25° angular error for the maximum compressive horizontal stress axis (SHmax). Therefore, WSM data are less accurate than the GPS data. We smoothed the WSM data using the method of Mardia (1972) for comparison with model stresses (see Heidbach et al. (2010) and Warners-Ruckstuhl et al. (2013) for a detailed explanation of the method). This method finds a smooth and continuous field of stress directions whose difference from observed stress directions is minimized. The choice of search radius does not significantly change the smoothed output field, but it results in lower uncertainties. The directions of maximum compressive stress thus obtained are shown with large bars in Figure  2b . A detailed plot for stress observations, smoothed stress field, and stress variances is given in Appendix A.
Model setup
We model the present-day secular velocity field of the Eastern Mediterranean with emphasis on the AnatoliaAegean region. Since the horizontal extent of the domain is much larger than the vertical (model) dimensions, and because the data have little depth information, the 3D mechanical equilibrium equations can be simplified to 2D by assuming plane stress. We solve these equations with plane stress spherical finite element code GTECTON (Govers and Meijer, 2001 ).
Domain and rheology
The model domain, boundary conditions, and faults for the plate boundary configurations NORTH and SOUTH are shown in Figure 3 . The lithosphere responds to stresses by elastic, brittle, or viscous deformation. Viscous deformation occurs on many time scales, but mostly on geological time scales. Within our study area significant lateral variations exist in the surface height and topology of the Moho (and other density interfaces). Gravity leads to horizontal forces acting where there are gradients in topography and/or Moho depth, i.e. the forces act in a distributed way rather than as a line force like we assumed in our (boundary-driven) models so far. As our analysis is based on the fit to surface deformation data, this difference between distributed and line forcing could potentially affect our conclusions significantly. We investigate to what extent our (simple) velocity-driven models correspond to (more realistic yet complicated) models driven by gradients in gravitational potential energy (GPE) in Appendix D.
For the first part of the paper we compare model results with geodetic velocities (acquired on time scales of years to decades). We therefore take the lithosphere to be elastic with faults. Our model domain encompasses both oceanic and continental lithosphere, which have different Young's moduli. In studies focusing on continental areas, Young's modulus values of 70-75 GPa (e.g., Wortel, 1996, 1997; Lundgren et al., 1998; Plattner et al., 2009) and for oceanic areas 100-130 GPa (Watts and Zhong, 2000; Got et al., 2008) have been used. Therefore, we assign 75 GPa to continental Arabia, Africa, and Eurasia and use 100 GPa for the Black Sea and the Mediterranean. The AnatolianAegean region formed in a context of Cretaceous-Recent subduction of branches of the Neo-Tethys and accretion of intervening ribbon continents (Şengör and Yılmaz, 1981) . The entire region is therefore mechanically weak and prone to large deformation. We conducted a priori sensitivity analysis using reference models (Section 5) with several different Young's moduli, and we select 25 GPa for the Anatolian-Aegean region. Poisson's ratio is assumed to be 0.3. We used convergence tests to verify that all results shown in this paper are insensitive to further refinement of the finite element grid.
Boundary conditions
The northern edge and the northwestern part of the model domain are located in stable Eurasia. As we take stable Eurasia as our reference frame, nodes along these domain edges are fixed in both horizontal directions. The eastern margin of the domain can move in a N-S direction, consistent with ongoing N-S strain in the Zagros and Caucasus (Allen et al., 2004) . We force the system by applying GPS-derived velocities in the far-field, i.e. along domain edges in the African and Arabian plates (v ARA ) (Reilinger et al., 2006) . We also impose the relative velocity at the Hellenic trench v RB using the split node technique (Melosh and Raefsky, 1981) : since observed relative velocities at the Hellenic trench represent the response to forces due to GPE, trench suction, slab pull, sublithospheric mantle flow, and plate contact resistance, the imposed relative velocity at the trench implicitly accounts for the contribution of GPE forces (and other forces) to the regional kinematics. To avoid double forcing, we do not include body forces in these models.
In Section 6 we will present models with an alternate choice for the forcing. By their very nature, body forces (and GPE) act on volumes rather than at plate boundaries. In Section 6 we therefore will investigate to what extent our (simple) velocity-driven models correspond to (more complicated) GPE-driven models.
Plate boundaries and faults
Plate boundaries and principal (larger) faults are shown in Figure 1 . The Dead Sea Fault (DSF) takes up the relative motion between the African and the Arabian Plates. The dextral NAF and the sinistral EAF accommodate westward extrusion of Anatolia. Coming from the east, the NAF bifurcates into two branches east of the Sea of Marmara (see Şengör et al., 2005 for a review). The main northern branch continues along the Sea of Marmara and enters the Aegean Sea. Across the North Aegean, the continuation of the NAF manifests itself as a broader shear zone and connects with central Greece via the North Aegean Trough (NAT) and the Sporades (Dewey and Şengör, 1979; Lyberis, 1984) . The southern branch of the NAF in the Marmara region has a SW-NE strike and is composed of a set of discrete faults (Şengör et al., 2005) . We represent these discrete faults in the model by a single, continuous fault zone. In the west, the Hellenic Arc terminates at the 150-km-wide dextral strike-slip zone including the Kephalonia Fault (KF), which marks the transition from oceanic subduction to continental collision (Baker et al., 1997; Shaw and Jackson, 2010) . Following Özbakır et al. (2013) , we implement the Pliny and Strabo trenches as a single shear zone. The Rhodes Basin consists of a broad NE-SW trending transpressive zone that has the characteristics of a fold and thrust belt . Therefore, we implement the fold and thrust belt as possibly accommodating both dipslip and strike-slip motions. Further to the northeast, the Rhodes Fault links the Pliny and Strabo trenches to the Anaximander Mountains.
The selection of active faults in western Anatolia is based on two criteria: the scale of faults and the seismic activity on them. The argument of scale, more specifically, is the condition that the length of a fault is comparable to the crustal thickness in the region. Thus, faults shorter than the crustal thickness or aseismic mapped faults are not incorporated in our analysis. In the course of model development, we implemented some long fault traces such as the Simav fault and Gökova faults. Importantly, some of the fault strands in Western Anatolia are represented in our models as part of a longer fault system rather than by their individual segments. An example is the Bakırçay graben. This graben or the Balıkesir and Havran fault zones are in fact long fault zones, which are included in our model as the southern branch of the NAF. Another example is Alaşehir graben, which is incorporated within the Burdur-Fethiye fault zone.
In our model, we control the nature of faults by a priori imposing whether slip is allowed in a fault parallel and/ or fault normal direction. The "slippery node" formalism (Melosh and Williams, 1989 ) that we employ has the important property that dynamic stresses in the model determine whether or not such fault slip occurs. Strikeslip faults in the model are assumed to be vertical and frictionless, and fault motion is constrained to be faultparallel; we do not impose the sense of relative motion. Thrust faults are assumed to be subhorizontal (~30 degrees) with both fault-normal and fault-parallel motion allowed. In the collision process, horizontal convergence causes an increase of topography. This uplift is controlled by the fault dip and by Airy isostasy: as the height of the orogen increases, the resistance to further growth of the topography increases. To represent this fault-normal resistance in our model, we adopt the formulation of Van Benthem and Govers (2010) . Fault-parallel motion on thrust faults is taken to be frictionless. Extensional faults are implemented by only allowing fault-normal motion. Triple junctions are represented by triple overlapping nodes ).
Model evaluation
To quantify the misfit between modeled and observed velocity fields we use the reduced chi-square statistic defined here as: vi c and vi m are observed and modeled horizontal velocities at GPS station number i and subscripts x, y denote easting and northing components of the velocity vector. N is the number of observations, n T is the number of model elements, and σ i is the error in the GPS velocity. The number of model elements is the total number of degrees of freedom on model faults, determined as follows. When a fault segment is locked, it has zero degrees of freedom. When a fault segment is allowed to move in one direction (strike-slip, pure normal, or dip-slip), it has one degree of freedom. When a fault segment can move in both strikeslip and dip-slip directions, it has two degrees of freedom. In principle, a large XR 2 represents a poor fit. Scaling by one over N−n T −1 has the consequence that, when two models have the same sum of squares, XR 2 will be smaller for the model with fewer constraints n T , i.e. the simpler model. Open triangles show the case where both strike-slip and normal motion is allowed. Filled triangles indicate that only motion perpendicular to the fault strike is allowed, and strike-slip symbols indicate that fault parallel motion is allowed; here, the sense of motion indicated by the strike-slip symbols is meaningless, because this is a model result, not a priori imposed.
Model results and analysis
NORTH or SOUTH
In this section, we present model results for the NORTH and SOUTH plate boundary scenarios. We first present two "reference models" based on accepted regional plate boundaries and the two plate boundary scenarios ( Figure 3 ). As discussed below, the difference between modeled and observed velocities is larger than the data error in these models. Therefore, we will proceed with more complex models to study how the introduction of additional faults affects the fit to the observations. Importantly, we only introduce faults with clear geological expressions.
Reference models NORTH and SOUTH
The NNW-directed motion of Africa towards Anatolia decomposes into plate boundary parallel and normal components. As a starting point, we therefore define reference models where both down-dip and fault parallel motions are allowed along plate boundaries NORTH and SOUTH. Model velocity fields of the reference models are shown in Figures 4a and 4b. The overall pattern is similar to the GPS observations shown in Figure 2a : an increase in the velocity from east to west in a counterclockwise pattern around a pivot in Cyprus. The difference between the observed and modeled velocity vectors, hereafter referred to as the "residual velocity" vectors or "misfits", gives a better indication of the sensitivity of the velocity field to changes in the unknown faults' nature and geometry. These residual velocities are plotted with black vectors on the misfit maps (Figures 4c and 4d) . The other useful quantity is the fault slip-rate, which shows the direction and magnitude of fault motion in the model. Slip-rates are calculated with respect to the AnatolianAegean region and are shown by blue vectors for each of the scenarios.
Both reference models explain the observations in the Arabian plate within confidence limits. Other parts of the eastern model domain show significant misfits, notably in easternmost Turkey, Armenia, and Azerbaijan. A likely reason for this is the uniform free-slip boundary condition on the eastern boundary of the model domain and the absence in the model of fundamental faults in the Caucasus and the Iranian Plateau. However, for our goal of identifying the plate boundary south of Anatolia these are unimportant details; model improvements would lead to a better fit to the GPS observations in the east only. Vice versa, surface deformation in the easternmost part of the domain is practically the same for the NORTH and SOUTH scenarios, indicating that GPS velocities in the easternmost part of our domain are not sensitive to the details of the southern plate boundary of Anatolia. We will therefore not attempt to improve the model fit in the easternmost domain in the rest of this paper.
Models with additional forcing on the Pliny-Strabo segment
For both reference models, velocity misfits in western Anatolia and the southeastern Aegean region are large (Figures 4c and 4d) . We therefore need to consider the need for additional drivers of surface deformation (e.g., forces related to the sinking of the Aegean slab, or gravitational collapse of the Aegean lithosphere). In the reference models we imposed the relative velocity along the Hellenic plate contact. In models SOUTH-1 and NORTH-1 we extend the forcing to include the Pliny-Strabo trenches by imposing the GPS-derived relative velocities here as well.
The results (Figures 4e and 4f) show that residual velocities have decreased in SE Anatolia and its surroundings. We therefore retain the extended forcing in subsequent models. We next investigate changes to the SOUTH and NORTH models individually in an attempt to further improve their fit with the GPS observations.
SOUTH plate boundary with additional Menderes faults
For the SOUTH plate boundary, the result in Figure 4e shows that the velocity residues are notably reduced in the Aegean Sea and western Turkey. However, near Rhodes and the SW edge of Turkey, misfits are still significant and SSW and S directed. In the vicinity of the Menderes extensional province misfits are oriented E-W. To further improve upon this model we add another important geological element to the model: western Anatolia shows NNE directed extension and the Menderes massif horstgraben system takes up most of the deformation (Şengör, 1987) . Thus, we add the Menderes faults as two parallel dip-slip faults to model SOUTH-2 corresponding to the Menderes and Gediz grabens, to loosen the coupling of NW Turkey from the SW. This modification yields smaller misfits (Figure 4f) . Below we will seek to further improve the model fit by adding more faults, but the model SOUTH-2 already yields an acceptable fit to the observations in SE Turkey and surroundings.
NORTH plate boundary with friction
In the NORTH plate boundary configuration, the Isparta Angle moves with the Africa plate. Misfits in the Isparta Angle are significant in model NORTH-1 (Figure 4g) . In model NORTH-2 we impose friction on the Aksu fault (E boundary of Isparta Angle) to allow westward push by Anatolia to penetrate into the Isparta Angle ( Figure  4h) . Irrespective of the frictional coupling we impose, the decrease in misfit is insufficient. Unless the Isparta Angle is detached from Africa, we cannot reproduce the GPS observations in the Isparta Angle. That is, there should exist another interface to the south of the Isparta Angle that accommodates the southwestward motion of the Isparta Angle. 
Plate boundary configuration near southwest Anatolia
In the region closest to the NORTH and SOUTH plate boundaries, misfits for the NORTH model are significantly larger than for the SOUTH model. Geologically relevant possibilities for improvement of the NORTH model come to an end. We therefore conclude that the GPS velocities refute a NORTH plate boundary location. As the GPS observations are made onshore, this does not automatically prove our SOUTH plate boundary configuration to be correct. Below, we therefore seek to further improve the data fit of the SOUTH model to show that it at least is a very likely candidate for the plate boundary configuration. 5.2. SOUTH models: other regional faults 5.2.1. Adding friction on the Cyprus subduction contact: model SOUTH-3 The residual velocity of the Cyprus station is parallel to the direction of model slip vectors in model SOUTH-2 and its magnitude is similar to that of the slip vectors ( Figure  4f ). This residual velocity indicates that the Cyprus trench should have mechanical resistance to underthrusting --thus far we assumed a frictionless interface. Stronger coupling is likely related to the collision of the ESM at the Cyprus trench (Ben-Avraham et al., 1988; Robertson, 1998; Mascle et al., 2000) . In model SOUTH-3 (Appendix B, Figure B1a ), we therefore seek to find the friction value that yields the minimum misfit at the Cyprus trench. In this model, we also restrict relative motion to be trenchperpendicular/down-dip only. The misfit at the Cyprus station and at Turkish stations along the coast facing Cyprus is within the limits of observational error when we select a shear stress of 3 MPa, equivalent to 42% coupling between opposite sides of the fault.
Varying the nature of the Rhodes fault: model SOUTH-4
The NNE striking fault bounding the Rhodes basin (RB in Figures 1 and 3 ) was thus far taken to accommodate both strike-slip and thrusting. In model SOUTH-4 we allow strike-slip only. The result ( Figure B1b) shows an improved fit to the GPS velocity field. We conclude that this fault is strike-slip only.
Pure strike-slip Latakia segment: model SOUTH-5
Thus far, motion on the Latakia Fault segment could be both strike-slip and dip-slip, and it was found to be small and mostly strike-parallel. In model SOUTH-5, we only allow strike-slip to occur on the fault. The result ( Figure B1c) shows that model velocities at nearby GPS stations are practically unaffected by this change (c.f. Figure B1b) . Thus, although we cannot discriminate the two options based on the fit to the data, we prefer a strikeslip interpretation of the Latakia Fault as it is the simpler (fewer DOFs) model, but also because it agrees better with the seismotectonics of the region (Wdowinski et al., 2006) .
Adding the south branch of the NAF in the west: model SOUTH-6
Inclusion of the southern branch of the NAF as a strike-slip fault into model SOUTH-6 leads to a decrease in chi-square norm from 7.75 to 7.55. The improvement of misfits can be seen in NE Turkey ( Figure 5) . Although, from a statistical point of view, the improvement is not very significant, the slip-rate predictions for the northern branch of the NAF give a better agreement with the geological slip-rate data if we include the southern branch. We will come back to this in Section 7.3 below.
Nature of the Burdur-Fethiye fault: models SOUTH-7 and SOUTH-8
With models SOUTH-7 and SOUTH-8 we investigate the imprint of the Burdur-Fethiye fault zone (BFFZ) on the surface velocity field. We implement the BFFZ as a strikeslip (one DOF) fault in both SOUTH-7 and SOUTH-8. In SOUTH-7, the BFFZ is disconnected from the plate boundary; in model SOUTH-8 it is connected to the Rhodes fault. Neither of the models (Figures B1d and B1e) results in slip on the BFFZ, so that the match to the GPS observations does not change. We conclude that the BFFZ is effectively locked or inactive at present.
Different from what we find, the block models of Tiryakioglu et al. (2013) and Reilinger et al. (2006) require a slip-rate on the BFFZ of up to 11 mm/year to reproduce the regional GPS observations. This illustrates a very important point: model results (including ours) are particularly sensitive to which faults to include or not, and whether the continuum between the faults is allowed to deform. As argued before, we think it is more realistic to add faults step-by-step to our deformation model and verify whether this results in a significant variance reduction. Crustal seismicity is too dispersed around the BFFZ to refute our conclusion that the fault is currently not active.
Independent Isparta block: model SOUTH-9
At this stage, testing the combination of the NORTH and SOUTH models, i.e. a model that contains the Isparta Angle crustal block, is the logical final step (SOUTH-9). The Isparta Block is bounded by the BFFZ and the Aksu faults. As such, the number of DOFs is the largest in the totality of the models. The misfit map (Figure 6) shows that the overall model agreement is more or less the same as in SOUTH-6 and the following models; however, the misfit statistics are slightly unfavorable. Most notable is the fact that inclusion of the Aksu fault does not significantly improve the velocity vectors in its vicinity. We therefore conclude that an independent Isparta block is a less viable option in view of the geodetic observations.
Significance of other regional faults
We further tested models with additional faults with regional significance that may affect the fit to the geodetic data, such as the Simav fault and Gökova faults. The slip-rate on these faults was found to be small and the corresponding improvement negligible. We therefore do not show these results.
Performance statistics of all models
In Appendix C, Figure C3 shows the XR 2 statistic as a function of model number for GPS stations in the whole model domain (black circles) and for the box in Figure 1 (empty circles) -this is where the plate boundary configuration has the clearest impact. Model SOUTH-6 (Figure 5) is our "best" model from a statistical point of view, although it does not match observations within error in Greece and W Turkey, north of the EAF, and in the eastern part of the model. However, we refrain from trying to further improve this model fit by introducing smaller scale faults because the fit is acceptable near the SOUTH plate boundary. A notable exception is the Dodecanese, where additional, albeit minor, forces result in a more local change in velocity directions.
Conclusions
Model SOUTH-6 fits the GPS velocities best. We conclude that: (1) the plate boundary is located to the south of Anatolia. As part of this southern plate boundary (2) the prolongation of the Pliny-Strabo trenches to the NNE is strike-slip; (3) the ~W-E striking fault from the north of the Rhodes basin, to the Anaximander Mountains, to the W end of Cyprus, is predominantly a thrust contact; and (4) the Cyprus subduction contact is 42% locked. About other regional faults we conclude that: (5) the BurdurFethiye fault zone is locked or inactive, (5) the Menderes faults are active, and (6) the observations require the southern strand of the North Anatolia Fault to be active. 5.3. Match of best fitting model SOUTH-6 to stress observations WSM stress observations in our region of interest are largely based on focal mechanism data, i.e. they are as representative of the same (short) time scale as the geodetic data that we used to select model SOUTH-6. The stress concentrations shown in Figure 7 are the potential areas where intrablock seismic events can be expected. However, these stress concentrations are mainly controlled by geometry because we are not considering a single seismic cycle. That means the model cannot resolve intrablock seismicity in terms of loading history; it can only account for the secular deformation. It is noted that high stresses may result in distributed failure or flow. Such flow phenomena are not modeled in our approach. Here we test the extent to which the stress observations are consistent with the predictions of this model. Figure 7 shows horizontal stress directions as predicted by the model and average directions of maximum compression from the WSM (Figure 2 ). The fit is remarkably good in Anatolia and Eurasia. Misfits are exclusively clustered along the Hellenic trench and around the Sea of Marmara. For the Hellenic trench, the model does not reproduce trench-normal compression in the accretionary wedge, most likely due to lack of fault friction in our model. It is interesting to note that in the model the Arabian plate interior and central Anatolia display low stress magnitudes; these regions are relatively aseismic. We conclude that available stress direction observations agree with the results of model SOUTH-6. 
Comparison of model slip-rates with geodetic modeling results from previous studies
Slip-rate is the rate of motion of the fault within a few or many earthquake cycles and thus reflects the short-term rates. Slip-rates can be determined from geodetic methods, such as GPS or InSAR (e.g., McClusky et al., 2000; Wright et al., 2004; Cavalie and Jonsson, 2104) , but they always require a model: block-models, elastic or viscoelastic dislocation models, or combined fault/continuum models. Figure 8 shows the compilation of previous slip-rate determinations with upper panel (Figure 8a ) points to locations where these studies were conducted. The block model study of Meade et al. (2002) resulted in a slip-rate of 25.6 mm/year for the western NAF. Nyst and Thatcher (2004) (2000) derived a constant value of 24 mm/year for the whole NAF from the GPS data (Figure 8b , brown dashed line). In the Sea of Marmara region, the difference between block models and our results (Figure 8b , banded graphs for model space and red line for best model SOUTH-6) exceeds ~5 mm/ year. This discrepancy mainly results from the approach in block models to map geodetic velocities onto slip at block boundaries, and to consider residues to result from continuum deformation (e.g., Nyst and Thatcher, 2004) : this tends to maximize the fault slip-rate (fault potency rate) and explains why studies that make different choices regarding the partitioning of fault slip and continuum deformation (e.g., Provost et al., 2003; Flerit et al., 2004; Langstaff and Meade, 2013 ; this study) consistently find lower fault slip-rates.
As an alternative to block modeling, Flerit et al. (2004) utilized a fracture mechanics approach for the Anatolia deformation, where slip-rates for the NAF (Figure 7b , green error bars showing the range of values on the y-axis and segment range on the x-axis) agree with our results for slip-rate estimates in the Sea of Marmara region, but to the east they predict higher slip-rates. Thus, although in our study we do not constrain a priori where continuum deformation will be taking place as they do, differences appear to be too small to answer which of the methods is superior. Provost et al. (2003) applied far-field velocity conditions and the effect of the topography forcing in a 3D model with rheological complexities. Their slip-rate estimates (thick red error bars in Figure 8b , purple error bars representing point values) agree with our model results, albeit with much larger uncertainties.
Studies involving seismic moment tensor summation from earthquake catalogues also yield slip-rate estimates for the NAF (Figure 7b , light blue error bar at the right end of the plot, indicating range of values: Jackson and McKenzie (1988) , Kiratzi (1993) , Westaway (1994) , Ambraseys (2006)), agreeing well with our model results, partly because the range of seismic strain rates is very broad. In Appendix C ( Figures C1 and C2) we compare modeled slip-rates with results from previous studies for the EAF and DSF. Our model slip-rates for both the EAF and DSF are lower than what previous studies showed, with the exception of seismic slip-rate results. Our results agree well with the range of seismic sliprates. As explained in Section 5.1, we do not attempt to improve the model fit in the easternmost domain in this paper; therefore, slip-rates within this part of the domain may be lower than what elastic block model studies indicate.
In conclusion, our slip-rate results for the NAF thus largely agree with previous work conducted in the region, with the exception of block-model estimates. Considering the 1 mm/year accuracy of the GPSderived velocity data, variations in model slip-rates are large. This indicates that the overriding plate is sensitive to the southern boundary configuration, although this configuration's role is still subordinate to Hellenic trench and Arabian collisional boundary conditions. Comparison of present-day slip-rates on the North Anatolian Fault (NAF) zone with fault slip-rates from our models. a) Shaded relief map of the NAF region locations of geological slip-rate studies (red stars). b) Model slip-rates of SOUTH (orange shaded band) and NORTH (blue hachured band), with individual model slip-rate results shown by red and blue lines, respectively. Thick red line represents our best model (SOUTH-6). Model slip-rates are calculated for the northern branch of the NAF, whose geometry is given nearly parallel to the plot axis shown in panel (a). Brown colored line with label 'M' indicates the rate determined from the EurasiaAnatolia Euler pole (McClusky et al., 2000) . Discrete orange boxes with label 'R' represent the slip-rates from Reilinger et al. (2006) block model, where computation error is defined by the height of each box. Light green discrete lines with label 'F' represent Flerit et al. 's (2004) model slip-rates. Purple error bars with label 'P' indicate slip-rates determined from Provost et al. (2003) . The seismic slip-rate estimates (Table 3 , light blue bar at the right end of plot area) span a range of 16-24 mm/year for the NAF and represent the slip-rate value for the whole fault zone.
Context
Deformation after many earthquake cycles usually leaves an expression on the land surface, where the geomorphological features or sediments may be markedly displaced. Determination and dating of such offset markers or sediments yield the geologically determined slip-rates, although the definition of geological slip-rate is vague as long as the time span of "many earthquake cycles" is variable; usually a time interval of 1 to 1000 thousand years is implied (e.g., Tapponnier et al., 2001; Thatcher, 2009 ). Here we compare model slip-rates on the NAF and EAF with respect to geologically determined rates and, as such, discuss the validity of our model results on the scale of geological time. Furthermore, the agreement between geological and geodetic slip-rate is certainly important, because the difference between them is an indication of elastic strain accumulation, which may be released by earthquakes. We present results from the NAF here and leave the discussion for the DSF and EAF for Appendix C.
Slip-rate observations
Geological slip-rate observations represent average displacements divided by time from the early PlioceneQuaternary until present. For the NAF the majority of the data average many seismic cycles and have a good coverage of the fault zone (Table 1 and black error bars in Figure 9 ). The geological slip-rate data have too sparse of a distribution to aid our analysis for the EAF (segments of the fault are indicated in Figure 10a ). Therefore, we compiled published fault offsets (Table 2 ) and computed first-order estimates for the average slip-rate on the fault by dividing these offsets (Figure 10b ) by the fault initiation time (2.9 Ma (Hubert-Ferrari et al., 2009 ) and 1.9 Ma (Herece, 2008) ). Resultant slip-rates are shown in Figure  10c . This way of calculating slip-rates may underestimate the slip-rate values because faults usually evolve with time and fault segments do not accumulate displacements after the inception of the fault.
Comparison of data and models
In Figure 9 , superimposed on all NORTH and SOUTH model bundles, geological slip-rates of NAF are shown with error bars (see Figure 8a for the location map). For the NAF, the best model, SOUTH-6 (thick red line), has a good fit to the data, except in the intervals of 700-900 km and 1000-1200 km. The model overall exhibits higher rates than the geological data. Previous model studies also found that geological rates were too low. The uncertainty in the data is so large that alternative configurations would have been possible. For example, whereas NORTH models show a better fit in the eastern part of the NAF (from 700 km onwards), SOUTH model fits are better in the west.
Overall our model results are within the error bars of geologically determined slip-rates along the NAF and we estimate an average slip-rate of 22 mm/year for the fault. Figure 10d shows that model results for the EAF largely agree with the slip-rate data presented in Figure  10c , including the northernmost DSF, and if extrapolated further southwest, until Antakya (Seyrek et al., 2007) -the furthermost data point of Figure 10c lies outside of the panel. On the other hand, Çetin et al. 's (2003) paleoseismological slip-rates between Lake Hazar and Palu are underestimated by all models. The seismic sliprate estimates (Table 3 ; Figure C1 ) span a range of 6-10 mm/year and agree with our slip-rate. Figure 11 summarizes the correlation between average geological fault slip-rates and model results for major faults in our domain. Geological estimates predominantly reflect average slip-rates from the latest Pliocene-Quaternary until Present. Similar to Reilinger et al. (2006) , we find good correlation between our model results and geological observations.
Vertical axis rotations
Vertical axis rotations are useful for comparison with paleomagnetic observations. Anatolia rotates counterclockwise with variable rotation rates (Figure 12 ; Piper et al., 2010) . Four data points on the Arabian plate show similar rotations coherent with Anatolia (van Dongen et al., 1967; Nur and Helsley, 1971 ). The Isparta Angle shows either no rotation or counter-clockwise rotations since the early Miocene (Meijers et al., 2011) . Clockwise rotations in western and central Greece pervade to the Peloponnese (van Hinsbergen et al., 2005) and the westernmost Hellenic trench region. The eastern Hellenic trench displays counter-clockwise rotations, similar to Anatolia (Duermeijer et al., 2000) .
Vertical axis rotations are computed for our preferred SOUTH-6 model, which is elastic. Hence, they are not finite rotations but indicate the potential for rotation to occur on geological time scales. We therefore only compare relative rotations. Our model results show good agreement with the sense of rotation of the data in central Anatolia and the Isparta Angle, mainland Greece, and the Hellenic trench region. Misfits are found in the northwest of Anatolia where the model produces counter-clockwise rotations, whereas data indicate the contrary. This may be due to the nonhomogeneous nature of rotations caused by the active tectonic movements. Furthermore, errors due to the nature of the paleomagnetic data (weak paleomagnetic signal, remagnetization, errors in age determination) result in a scatter of rotations. Overall, model rotations agree with the first-order features of the paleomagnetic data, although the data have large magnitude uncertainties.
Discussion
Comparison with block models
Several studies inverted for a block model description of the GPS velocity field (Nyst and Thatcher, 2004; Reilinger et al., 2006; Floyd et al., 2010) , whereas we treated the Anatolia-Aegean to be part of a deformation zone, allowing nonrigid behavior. The Anatolia-Aegean region exhibits varying deformation styles and we explain these complex deformation patterns with the least number of faults and blocks. Comparison of RMS error between Table 1 . Compilation of geological slip-rate (slip-rate averaged over a few or more seismic cycles) determinations for the North Anatolian Fault. Ages of structures are reported in thousand years (ka). Numbers in the references column refer to: 1. Armijo et al., 1999; 2. Aksoy et al., 2010; 3. Meghraoui et al., 2012; 4. Schindler, 1997; 5. Polonia et al., 2004; 6. Dolan, 2009; 7. Dikbaş et al., 2009; 8. Pucci et al., 2008; 9. Kondo et al., 2010; 10. Kozacı et al., 2010; 11. Kozacı et al., 2009; 12. Hubert-Ferrari et al., 2002; 13. Zabci, 2012 ; Gray and white bands separate individual studies in the table.
Age ( (2000) and Şengör et al (2005). b This measurement was corrected and reinterpreted by Meghraoui et al. (2012) , as listed below. According to Cowgill (2007) and Zabci (2012) , the higher rate of 21 ± 2 reported by HubertFerrari et al. (2002) is more reliable for this segment. Figure 8a . Model slip-rates of SOUTH (orange shaded band) and NORTH (blue hachured band), with individual model slip-rate results shown by red and blue lines, respectively. Thick red line represents our best model (SOUTH-6). Model slip-rates are calculated for the northern branch of the NAF, whose geometry is given nearly parallel to the plot axis shown in Figure 8a . Observed slip-rates with error bars are labeled by numbers (Table 1) . Figure 10 . a) East Anatolian Fault from Karlıova to Antakya (Herece, 2008) . Line segments in red show the EAF and green shows Bitlis suture zone. Major rivers in the region are shown in gray. Numbers indicate fault segments: 1. Karlıova -Bingöl, 2. Palu -Lake Hazar, 3. Sincik -Çelikhan , 4. Çelikhan -Gölbaşı, 5. Gölbaşı -Türkoğlu, 6. Türkoğlu -Antakya. b) Measured offsets on the fault, which are tabulated in Table 2 . Boxes indicate the minimum and maximum estimates. c) Black points with error bars refer to slip-rates obtained from paleoseismology studies listed in Table 2 . C: Çetin et al. (2003) ; S: Seyrek et al. (2007) and Karabacak et al. (2010) . Red points with error bars are the long-term slip-rates of the EAF, calculated from Table 2 . Light green box indicates the rate determined from the Eurasia-Anatolia Euler pole (McClusky et al., 2000) . Discrete line segments are fault parallel slip-rates determined by mechanical models. Dark blue denotes Flerit et al. (2004) , whereas Reilinger et al. (2006) slightly overlies the central segment of Flerit et al. (2004) for the whole EAF. Continuous red line with blue circles shows our slip-rate model results. d) Comparison of geological slip-rates on the East Anatolian Fault (EAF) zone with fault slip-rates from our models. For location see Figure 10 (a). Model slip rates of SOUTH (orange shaded band) and NORTH (blue hachured band), with individual model slip rate results shown in red and blue lines, respectively. Thick red line represents our best model (SOUTH-6).
previous block models and our study is shown in Table 4 . Our RMS error magnitudes are very similar to the errors of block model studies. Reilinger et al. (2006) argued from their kinematic study that the westward motion and counter-clockwise rotation of Anatolia do not comply with the extrusion process, while the increasing velocities of Anatolia towards the Hellenic trench suggest that slab rollback and accompanying overriding plate motion is a better dynamic explanation. Our model results are at odds with their conclusion. The combined effect of the Arabian push and Hellenic trench pull constitutes the main driving boundary conditions for this deformation zone, as shown by Wortel (1996, 1997) , and justified by our own model. Furthermore, Reilinger et al. (2006) identified a mismatch between geological and GPS-derived sliprates for the NAF. The authors attributed the difference to geological surface offsets that do not reflect the full rate at depth due to off-fault shallow deformation. This is a likely explanation. Another contribution to differences between Table 2 . Compilation of geological slip-rate (slip-rate averaged over a few or more seismic cycles) determinations for the East Anatolian Fault (EAF). The age of the fault is taken to be bracketed between 1.9 (Herece, 2008) and 2.9 Ma (Hubert-Ferrari at al., 2009). Ages of structures are reported in million years (Ma). Slip-rates are determined by dividing the measured offsets into fault age (1.9-2.9 Ma). Numbers in the references column refer to: 1. Herece, 2008; 2. Seymen and Aydın, 1972; 3. Dewy et al., 1986; 4. Şaroğlu et al., 1992; 5. Hubert-Ferrari et al., 2009; 6. Arpat and Şaroğlu, 1972; 7. Herece and Akay, 1992; 8. Turan, 1993; 9. Çetin et al., 2003; 10. Arpat and Şaroğlu, 1975; 11. Hempton, 1985; 12. Şaroğlu et al., 1987; 13. Parlak, 2004; 14. Westaway and Arger, 1996; 15. Yönlü et al., 2012; 16. Seyrek et al., 2007; 17. Karabacak et al., 2010 . Gray and white bands separate each segment of the EAF system. Numbers in parentheses in the location column are used in Figure 10. geological and geodetic slip-rates may result from their block approach, which is based on rigid blocks. Hergert and Heidbach (2010) showed that a more appropriate model, which allows internal deformation, accounts for slip-rates in the Marmara segment of the NAF, which are considerably smaller than the block model results and also compatible with the geological rates. In our approach we generalized this finding to the whole of the NAF. We find that the slip-rate estimates are within the error margins of geologically derived slip-rate data. Table 3 . Slip-rate estimates from moment tensor summation. Numbers in the references column refer to: 1. Jackson and McKenzie, 1988; 2. Kiratzi, 1993; 3. Westaway, 1994; 4. Ambraseys, 2006; 5. Kuran, 1980 African and Arabian motion from plate tectonic estimates differed insignificantly from the GPS rate for the past 11 and 22 Myrs, respectively (ArRajehi et al., 2010) , although, prior to the Pliocene, active deformation of Anatolia was influenced by different fault geometries. Moreover, the relative motion at the Hellenic trench might have been different (Meijer and Wortel, 1996; Royden and Papanikolau, 2011) . The agreement of our slip-rate model results and the geological data indicates that the mechanical model describes the deformation of this region from the early Pleistocene onwards. Unfortunately, the slip-rate data do not constrain the effect of a variation in the relative plate motion on the Hellenic trench and fault geometries. Using primarily the Aegean dataset Reilinger et al. (2010) arrived at the same conclusion concerning the coherence of geological and present-day deformation rates. Our results improve their findings, especially for the NAF and EAF slip-rate estimates.
How long has the present-day plate boundary configuration existed?
We consider fault slip-rates as important recorders of changes in the plate boundary configuration. Geological slip-rate data on major regional faults span a variety of ages, from several million years to tens of thousands and even a few hundred years. The compatibility of model results with slip-rates (Figure 11 ) obtained from such a large age spectrum is intriguing. Geological slip-rates are sensitive to two factors: the geometry of the faults and the far-field (plate tectonic) velocities, and both have varied in the recent geological past. First, the NAF is a relatively young feature. The NAF entered the Sea of Marmara at around 200 ka (Le Pichon et al., 2001) , implying that the whole strike-slip system acquired its overall geometry after 200 ka. However, deformation related to the NAF predecessor (the wider North Anatolian Shear Zone from which the NAF localized) was evident in the Sea of Marmara since the late Miocene (Şengör et al., 2005) . In fact, prior to 200 ka, the NAF had accumulated more than 90% of its total offset (Şengör et al., 2005) here. Thus, the geometry of the NAF used in this study has been more or less mature for the comparison between the geological and model (geodetic) time scale to be valid. For the EAF, after the initiation of the EAF at around 2.9 (Hubert-Ferrari et al., 2009) or 1.9 Ma (Herece, 2008) , the geometry of major faults in the east did not change much. Geological slip-rates are also sensitive to the plate tectonic velocities and changes therein. According to ArRajehi et al., (2010) the present-day Arabia motion with respect to Eurasia obtained from GPS and plate tectonic estimates since the Miocene are consistent within uncertainties. The migration rate of the Hellenic trench has increased since the Oligocene (Royden and Papanikolaou, 2011; van Hinsbergen and Schmid, 2012) , with significant lateral variations from west to east. Slip-rates along the NAF increased also since the middle Miocene (Hubert-Ferrari et al., 2002) . The nature and location of the southern plate boundary may thus have existed since a few Myrs, and possibly longer.
Conclusions
Observations of near-surface deformation in and near the Anatolian-Aegean region agree best with an AegeanAnatolian southern plate boundary via the Pliny-Strabo trench -Anaximander Mountains -ESM collision south of the Cyprus -Latakia ridge. The sense of motion along this boundary is defined by (1) an Anaximander Mountains fault with both strike-slip and dip-slip components and (2) predominant strike-slip along the Latakia segment. The southern plate boundary as preferred for the present day (SOUTH configuration) may have existed since the Late Pliocene.
In addition to well-established faults in Anatolia, the surface deformation requires an inactive Burdur-Fethiye fault zone, active Menderes faults, and an active southern strand of the NAF in NW Turkey Figure B1 . Velocity misfits (observed minus calculated) for a range of SOUTH models. The assumed nature of the faults is indicated on the misfit maps; filled triangles indicate that only fault-perpendicular motion is allowed and strike-slip symbols indicate that only fault parallel motion is allowed. Open triangles indicate that both strike-slip and fault normal motions are allowed in the model. Blue arrows indicate the resulting fault slip-rate and direction. a) Model SOUTH-3 with friction and down-dip relative motion only on the Cyprus trench; b) Model SOUTH-4 with strike-slip only on the Rhodes plate boundary segment; c) Model SOUTH-5 with strike-slip only on the Latakia segment of the plate boundary; d) Model SOUTH-7 with onshore Burdur-Fethiye fault, not connected to Pliny-Strabo trenches; e) Model SOUTH-8 with Burdur-Fethiye fault connected to Pliny-Strabo trenches.
Appendix C. Geodetic slip-rate model results for EAF and DSF. Slip-rates for the NORTH and SOUTH model bundles for the EAF and DSF are shown in Figures C1 and C2 , respectively, with results from previous model studies. For the EAF, model rates span an average of 7 ± 1 mm/year in the east and 6 ± 3 mm/year in the eastern part.
The block model of Reilinger et al. (2006) , InSAR observations from Cavalie and Jonsson (2014) , and the fracture mechanics model of Flerit et al. (2004) predict much higher fault slip-rates; none of them, however, agree with the long-term (geological) slip-rate data (Figure 10c ), which are overestimated by ~5 mm/year. The seismic slip-rate estimates (Table 3 , light blue bar at the right end of plot area) span a range of 6-10 mm/year for the EAF and represent a slip-rate value for the whole fault zone, which agrees with our results and with the geological estimates.
For the DSF, we predict model slip-rates ranging from 2 mm/year to the south to 5.5 mm/year to the north of the fault system ( Figure  C2 ). The NORTH and SOUTH model bundles have much smaller spread, indicating low sensitivity of the DSF to changing DOFs of southern boundary segments under consideration. Our model rates are smaller than those of other short-time scale studies (Flerit et al., 2004; Reilinger et al., 2006) covering this fault, but they agree with the seismic slip-rate estimates. . Model domain and boundary conditions (blue arrows) of GPE-driven models. The specific model shown here is for relatively low Aegean-Anatolian viscosity, and for horizontal forces (black arrows) computed with the assumption that the lithosphere is not isostatically compensated. Logarithmic viscosity contours are draped over shaded relief. Figure D2 summarizes the results of our end-member GPE-models. Figure D2a demonstrates that the misfit is particularly large in the eastern portion of the trench. Here, model SOUTH-6 yields a better (albeit not perfect) match to the observations as a result of additional (subduction-related?) forcing along the Hellenic trench in this model. For the region east of 31°E, Figure D2b shows an acceptable fit to the GPS velocity magnitudes of the GPE-driven models with low-end viscosities. Importantly, the fit of model SOUTH-6 is equally good, indicating that the representation by edge forces of (distributed) GPE forces does not affect the result. To the west of 31°E, i.e. closer to the Hellenic trench, the misfit between the GPE-driven models and observations is significant. Our conclusion of the previous section, that model SOUTH-6 matches the geodetic observations best, is thus not affected by our choice of boundary conditions in boundary-driven models. 
D3. Results of GPE forcing models
